Objective: To establish the nutritional status of previously studied rural populations. Design and subjects: A total of 139 households with 245 males and 301 females from four relatively isolated Mexican rural communities were randomly selected to be surveyed in 1996. Results: Underweight was not a problem in either children or adults. In children <5 y only three (4.2%) were stunted but the age-and sex-specific distributions of body mass index (BMI) in children showed 17% of boys and 19% of girls exceeded the proposed International Obesity Task Force limits for classifying the overweight. Triceps skinfold values were similar to NHANESI values for white USA children. Of the adult men 42% were overweight (BMI 25.0 -29.9) and 9% obese; 40% of adult women were overweight and a further 33% obese. Adjusting BMI values with corrected total heights by relating them to measured knee height reduced the BMI of women >50 y by 2.0 units; the male data were essentially unchanged. The prevalence of abdominal obesity in women, based on waist measurements and WHO cut-off points was high with 25% of women having elevated values despite a normal BMI; 43% of the overweight women had substantial increases in waist measurements, indicative of high risk, as did 91% of obese women. The men's waist measurements were greater in relation to both BMI and body fat but the prevalence of values in excess of the suggested sex-specific WHO limits was less than half that of women. Conclusions: The high prevalence of overweight and obesity is now evident in poor and relatively isolated rural communities of Mexico. Sponsorship: The Chronic Disease Office, from the Ministry of Health in Mexico partially financed this study.
Introduction
Mexico has been a developing nation with many nutritional deficiency problems, so most studies undertaken in Mexico over the last 30 y were mainly designed to evaluate the nutritional status of children under 5 y of age (ENAL, 1974 (ENAL, , 1979 (ENAL, , 1989 (ENAL, , 1990 (ENAL, , 1996 ENN, 1988 ENN, , 2000 , and there has been little information available on the health and nutritional status of older children and adults. Now, however, Mexico is being transformed by socio-economic developments and, whereas nutritional problems used to relate to limited intakes of food or to inadequate food quality, now chronic adult diseases are emerging and the prevalence of obesity in urban areas is high (Arroyo et al, 2000) . The impact of changes in food habits is thought to be greater in the cities, but it is not known to what extent these socioeconomic changes affect the nutritional status of rural dwellers.
Rural areas have escaped much of the influence of the mass media and the people often experience difficulty in obtaining new processed or 'fast' foods. These foods are, however, freely available in the cities and have a nutrient composition with greater amounts of total fat, saturated fat, sugars and salt, ie very different from the composition of the traditional diets of Mexico (Sánchez-Castillo et al, 1996) . Although processed foods have recently become available in limited amounts in the countryside, the perception is that rural Mexicans have, in general, maintained their traditional diet of maize and beans. This diet is low in salt and fat and high in starchy carbohydrates and nonstarch polysaccharide (NSP) (Sánchez-Castillo et al, 1997) . The limited range of traditional foods can, however, prove insufficient to cover all nutritional needs and thereby lead to variable degrees of malnutrition (ENAL, 1974 (ENAL, , 1979 (ENAL, , 1989 (ENAL, , 1990 (ENAL, , 1996 ENN, 1988 ENN, , 2000 .
The main objective of this study was to update information on the general nutritional status of four previously studied rural populations in Mexico by undertaking an anthropometric survey.
Materials and methods

Selection of communities
Four communal (rural) land communities in Mexico (Bateas y Alcalde, Guía del Porvenir, Derramaderos and Quebrantadero) were selected for this study during September -October 1996 . In these communities children under 5 y were previously studied as part of the International Sorghum=Millet Collaborative Research Support Program (INTSORMIL; DeWalt et al, 1987) . All four areas are 'mestizo' communities, ie with a population of mixed Spanish and Mexican Indian blood, and are predominantly agricultural. They cultivate both sorghum and maize for home consumption and, in three of the communities (Bateas y Alcalde, Guía del Porvenir and Derramaderos), the crops are the main sources of income. Livestock sales on the other hand provide a major part of the income in Quebrantadero.
Description of the communities Quebrantadero, a community of 3050 inhabitants in the State of Morelos, was created in 1930 and may be considered as a suburban setting, on a main road within 2 1 2 h bus journey of Mexico City. Most of the houses in this community with paved streets and sidewalks have telephones, tap water and septic tanks. There is also a water irrigation system for crop growing.
Derramaderos in the state of San Luis Potosí was created in 1934. It is located in the centre of Mexico, about 10 h by bus from Mexico City, and has 600 inhabitants. There is an official-governmental shop, 'Conasupo', which sells mainly subsidised food, and 11 other small private shops. The community has public services such as electricity and tap water and two communal public telephones; it is organised mainly by women because of the high outward migration of men. This community has access to the Hospital of the National Health Care System (Mexican Institute for Social Security, IMSS), located nearby. This service is of better quality than the health services provided in the other three communities.
Bateas y Alcalde, in the state of Michoacán, was created in 1962. It is located in the south-east of Mexico (9 h by bus from Mexico City). It consists of two small neighbouring villages, Bateas and Alcalde (853 inhabitants in total). The community has a subsidised governmental shop, 'Conasupo', and six other small non-governmental shops, one of which has the only public telephone in the community. To go from one village to the other involves crossing a river (which provides no fishing) or a difficult 11 km overland journey. It has a 'dispensario' or small facility for dealing with basic primary health care.
Guía del Porvenir in the state of Tamaulipas was created in 1964. It is located close to the US border (about 15 h by bus from Mexico City). This community comprises 700 inhabitants. It has public services, water irrigation systems, electricity and a public telephone, but poor sanitation because inhabitants still use latrines. There is no official governmental shop and only two small private shops provide the community with basic goods. There is no big market in the community, so farmers have to travel to nearby towns for trading. The community has a 'dispensario', which is staffed by an undergraduate (final year) medical student.
Subjects
The study included a total of 160 family units but only 40 from each community were studied because of the limited financial resources for the study. The random selection of families was based on the official census for each community. Some families did not agree to participate or were away at the time of the survey, so the final sample size included 139 families, 33 from Michoacán, 36 from Tamaulipas, 36 from San Luis Potosí and 34 from Morelos. Each family included the father, the mother, and the children who were at home at the time of the survey. There were 546 subjects, with 245 males and 301 females of varying ages. Three trained nutritionists explained to the adult members of the family the procedures involved and verbal consent was obtained. Subjects were divided into age groups as follows: 0 -4, 5 -9, 10 -17, 18 -29, 30 -59 and !60 y. These groupings are used when conducting infant mortality and morbidity rate studies by the Ministry of Health in Mexico, with the exception of the adolescent=adult cut-off point, which was taken to be 15.0 y by the Ministry.
Anthropometry
Standardised anthropometric measurements were taken in private in the health centre facilities of each community. Lohman et al, 1988) . Height (Ht) was measured in metres with subjects wearing minimal clothing and without shoes. In adults and children over 2 y of age, height was measured using a Microtoise Model Stadiometer (CMS Weighing Equipment Ltd) with a graduation of 0.001 m (Lohman et al, 1988) . In children less than 2 y of age, recumbent length (crown -heel length) was measured with a wooden measuring length-board (Infantómetro). Knee height was measured in subjects !50 y. The subject was placed in a supine position with the leg bent at the knee at a 90 angle. The measurement was taken with a knee height caliper (Ross Laboratories, Division of Abbott Laboratories, Columbus, Ohio, USA). The mean of three consecutive readings was recorded to the nearest mm (Gibson, 1990) .
Mid upper arm circumference (MUAC) was measured for all subjects, using a flexible steel tape approximately 0.6 cm wide, (CMS Weighing Equipment Ltd; Lohman et al, 1988) .
Waist and hip circumferences were measured in those aged 12 y or more. The measurements were made with the same tape as used for MUAC measurements. Hip circumference was taken as the maximum measurement around the buttocks (Lohman et al, 1988) . Biceps, triceps, subscapular and suprailiac skinfolds were measured, in triplicate, in subjects aged !17 y, as described by Durnin and Womersley (1974) with a Holtain skinfold caliper (CMS Weighing Equipment Ltd) and the average of these was recorded. In subjects below 17 y of age, only triceps and subscapular skinfold were measured.
Several indices were used to classify malnutrition and overnutrition. In children of less than 17 y of age the weight-for-height (Wt-Ht), weight-for-age (Wt-Age) and height-for-age (Ht-Age) indices were calculated from the CDC anthropometric reference standards (Jordan, 1986) . These anthropometric indices were evaluated using the latest classification advocated by WHO, ie by the use of Z-scores (WHO, 1983 (WHO, , 1995 . The Z-score scheme was then used to assess malnutrition in line with the concept advocated by Waterlow (1972) .
In adults over 18 y of age, the body mass index (BMI) was calculated as Wt (kg)=Ht 2 (m 2 ). BMI was used to assess overweight as proposed by (WHO 1995 (WHO , 1997 . BMI values below 18.5 were classified as underweight (James et al, 1988) . To account for possible excess BMI values in short older adults an adjustment of BMI was made after a new estimate of height was calculated from knee height in subjects aged 50 or more using the equations developed by Chumlea et al (1985) .
Body density (D) was estimated from skinfold thickness by the method of Durnin and Womersley (1974) and body fat content was derived using the Siri equation. The values for triceps skinfold (TSK) and MUAC were used to estimate the following indices for all subjects in the standard way (Gibson, 1990) : mid-upper-arm muscle circumference (MUAMC), mid-upper-arm muscle area (MUAMA) and mid-upper-arm fat area (MUAFA).
Statistical analysis
The Statistical Package for Social Sciences, SPSSPCþv.5.02 (SPSS Inc., Chicago, IL) was used to conduct all the analyses (SPSS, 1992) . When comparing variables measured on a continuous scale, the non-parametric Mann -Whitney test was used. Comparisons were made of categorical variables differences using the chi-squared statistic test. For the statistical analysis an alpha value 0.05 was considered statistically significant. Only one child was selected from each family so that in the prevalence analysis undue weight would not be given to children from large families.
Results
Adults
The data obtained for each community proved to be very similar so the data for all four communities were combined for statistical analyses. Tables 1 and 2 show the observed and derived values (mean AE s.d.) of several anthropometric High obesity prevalence rates in Mexico CP Sánchez-Castillo et al variables of both the adults and children stratified by gender and age groups. There were statistically significant sex differences (P<0.05) between most of the anthropometric indices. In the measurements of the young (18 -29 y) and older adults (30 -59 y), men were, as expected, taller and heavier than women but when BMI was estimated, the women's groups BMIs were substantially higher than the men's in all three adult groups. Excess adiposity was confirmed in the girls and women, who had greater triceps and subscapular skinfold values than the boys and men, the differences being greater in the adult group. Only five women and two men had BMIs below 18.5 but 20.8, 52.6 and 40.9% of men and 40.4, 42.7 and 25% of women aged 18 -29, 30 -59 and 60 plus y, respectively, were overweight, with a further 8.3, 12.3 and 0% of men and 19.1, 36.6 and 50% of women being obese. The greater rate of obesity in women was highlighted by the finding that 11 (7.4%) women and one man had BMIs between 35 and 40 with a further man and two women having BMIs exceeding 40. In the whole adult group 44 men (43%) and 59 women (40%) were overweight with BMIs of 25.0 -29.9 and a further seven (7%) men and 36 (24%) women had grade II obesity with BMIs of 30 -34.9. The prevalence of obesity was particularly high in those>40 y of age. Given, however, the concern that short stature and the phenotypic characteristics of Central American Indians might produce spuriously high BMIs, particularly in the older adults, BMIs were recalculated using an estimated height based on the sex-specific equations relating height to knee height as provided by Chumlea et al (1985) . The women's BMIs were reduced by 2.0 units on average whereas the men's were unchanged. This in turn increased the proportion of overweight (50%) and reduced the proportion of obese (20%) women but the frequency of excess weight continued to be greater in the women than the men.
Total body fat, calculated from the four skinfold thicknesses in adults, confirmed that the overweight and obese men had substantial amounts of excess fat. Thus if the upper normal values for adult men are taken as about 20% and for women as about 30% (DHSS, 1976) then a very high (37%) proportion of the adult population, ie 30% of men and 43% of women, displayed an excessive body fat.
Distribution of body fat in adults.
Given the recent proposal that waist measurement can be used in isolation as an index of the risk of insulin resistance, hypertension and lipid abnormalities these measurements were also taken on the adults. Using the WHO suggested sex-specific cutoff points, based on those proposed by Han et al (1995) and the SIGN (1996) guidelines leads to the conclusion that, although a very high proportion of the men (35%) and (71%) of women have excessive values, these are not as predictive of the BMI categories as found by Han et al (1995) . Thus the cut-off points of 80 cm in women and 94 cm in men showed that about 25% of women but only 6% of men who were normal weight had excessive values; 43% of the overweight women also had values above the upper cut-off point of 88 cm compared with 9% of overweight men who exceeded their high sex-specific cut-off point of 102 cm. These very different prevalences of high waist measurements in men and women depend on the sexspecific limits set for normality because the actual waist High obesity prevalence rates in Mexico CP Sánchez-Castillo et al measurements of men exceed those of women at equivalent BMIs or estimated body fats (Figure 1 ). The distinction is more evident with body fat ( Figure 1B ) than with BMI ( Figure 1A ), which implies that for a given body fat far more fat may be deposited around the trunk in men, even in this population with particularly severe obesity amongst women.
To test this issue further the triceps (T) and subscapular (Subs) skinfold thicknesses were compared and the T=Subs ratio related to the waist circumferences as well as the BMI of men and women separately. As expected there were highly significant positive correlations between each skinfold thickness measurement and BMI or body fat. However, when the T=Subs ratio was related to body BMI and waist circumferences the women showed a more pronounced fall in the ratio at higher BMIs in keeping with their excessive accumulation of fat rather than lean tissue on weight gain (James & Reeds, 1997) . Figure 1B demonstrates that waist circumference rose more acutely in women than men as their body fat increased.
Nutritional status of children
The results for the 292 children aged <18 y were also classified into three age groups and showed that stunting, defined as Ht-Age Z-score below 72 affected 5% of children compared with the 2 -3% expected in the reference population. In terms of the Wt-Ht Z score, ie the value reflecting the presence of wasting, only four children had Z-scores below 72 Z-scores of the NCHS median values. Only seven of 292 children classified in terms of their weight for age had weights below the 72 Z-score, ie there was the expected proportion for a normal population. When the BMIs of the boys and girls were calculated and then related to the new percentile curves developed by the International Obesity Task Force from nationally representative data from Brazil, UK, Netherlands, Hong Kong, US (NHANES I and II) and Singapore (Cole et al, 2000) , the proportion of children who exceeded the sex-specific percentile which at age 18 corresponded to a BMI of 25 was very substantial. Of the girls aged 5.0 -9.9 y 29% were overweight as were eight out of 20 (40%) 15 to 17.9-y-olds. The boys showed a 10 -20% prevalence of overweight from age 5.0 y onwards. Thus 17.1% of boys and 19.1% of girls exceeded these values and should be considered overweight or obese. In practice, of these children, only four boys and four girls had markedly excessive BMIs which exceeded the tentative percentiles stratified for classifying children as obese rather than overweight (Cole et al, 2000) . Table 3 shows the average values for the skinfold measurements and estimated muscle and fat areas of the upper arm in different children's age groups and includes for comparison equivalent data from the moderately stunted children in the Caribbean island of Montserrat (Aksu, 1975) .
Discussion
The findings from this small study that a high proportion of both children and adults were overweight or obese was a surprise given the widespread perception that rural communities in Mexico as well as in other developing countries have not gone through the transitional state which usually accompanies the process of urbanization. However, in many South American countries there is growing concern about the emergence of obesity in children who are stunted, High obesity prevalence rates in Mexico CP Sánchez-Castillo et al this obesity being seen as a new hazard which adds to the disadvantage of being stunted (PAHO, 2000) . In the four rural Mexican communities, however, the prevalence of stunting is negligible, which is surprising in view of the recently published national survey (ENN, 2000) which revealed that 32% of rural children <5 y were stunted compared with 12% of urban children. In the four communities the 5 to 9-y-olds had a modest reduction in height Z-score of 70.21 AE 1.04 for boys and 70.06 AE 1.06 for girls, whereas in the 10 to 18-y-olds the Z-scores were 70.78 AE 1.03 for boys and 70.75 AE 0.56 for girls. Thus the older children had only a modest growth deficit, perhaps relating to their previous early childhood experience, whereas this problem now seems to have been eliminated in these villages in younger children. On this basis it would seem that the four relatively isolated communities studied cannot be considered representative of rural Mexico, where sanitary conditions are worse.
Differences in adiposity were explored comparing the median triceps values of Mexican children with equivalent data of Caribbean children (Asku, 1975) and with the 50th centile for triceps in American children measured in the NHANES I study (Must et al, 1991; Figure 2) . The Montserrat data were chosen in the absence of appropriate There are, as yet, no well recognised equations for estimating body fat using these measurements in childhood but it is clear that the arm fat area is substantially greater in both the boys and girls than those in Montserrat children of equivalent weight for height (Aksu, 1975) . Thus not only are the Mexican children not stunted but they have indices of body fat which are similar to those seen in the US. These non-stunted pre-school children also turned out to have higher upper mid arm circumference values at equivalent weights for heights than the stunted Caribbean, but estimated muscle areas which were about the same. This seems to imply that the widely recognised low triceps values of children in the developing world may not be genetic but an adaptive response to environmental conditions and in keeping with a more central deposition of fat than that found in well-fed Western children. Given the current finding in our short adults of a high prevalence of abdominal obesity, observed previously in Mexico (Gonzá-lez-Villalpando et al, 1995; Yamamoto-Kimura et al, 1996) and elsewhere in the developing world, eg India (Singh et al, 1998 ) the current study may be displaying a secular change in the programming of body fat distribution, ie with these better grown Mexican children no longer displaying this propensity to abdominal obesity despite their tendency to accumulate excess total body fat. The adults abdominal obesity, however, may well be linked to an elevated responsiveness of the hypothalamic=pituitary=adrenal axis as found in visceral obesity by Björntorp et al (1999) in Sweden. The associated general hormonal responses, eg with low growth hormone and altered sex hormone levels, are also being found in Third World adults with abdominal obesity (McKeigue et al, 1991) .
To date, there has not been the same level of agreement over the classification of overweight and obesity in children and adolescents as there has been in adults. There has been confusion both in terms of a globally applicable reference population and the selection of appropriate cut-off points for designating a child as obese. Gurney and Gorstein (1988) set out a preliminary analysis based on the meanþ2 s.d. NCHS weight for height values as the limit. The recently developed IOTF (Cole et al, 2000) classification band on BMI of overweight and obesity is more relevant to the risks of long-term disease. The high prevalences of overweight in the present study in children of normal height excludes the possibility of spuriously high values likely to be found in tall children with the use of the BMI index (Franklin, 1999) and is in keeping with the remarkably high prevalence of overweight and obesity in the adults. Unfortunately in this study it was not possible to measure physical activity but Chávez notes (personal communication) that if men are still living in these villages they now have little manual work to do. The women are still active for appreciable periods of the day but they are now spared the need to carry water from distant springs and do not need to manually grind their own maize. It is estimated that these reduced physical demands may amount to a reduction of 50% of their previous activity. In children there is no TV, computer or video system available and no occasion therefore for children becoming sedentary. Three of the four communities have had an increase in fat amounting to 20 g=head=day from 1984 to 1996 (Aguirre-Arenas et al, 1998), so the combined effects of greater sedentarism in adults and a diet with more animal products and animal fat for both children and adults have very likely contributed to the surprisingly high rates of overweight and obesity.
The recently published National Nutrition Survey (Mexico) of children under 5 conducted in 1999 (ENN, 2000) indicates that obesity rates in this age group went up in the last 10 y, especially in Mexico City, where rates, based on a cut-off of þ2 s.d. weight for height, are 2.7% compared with 2% in the southern region, which is the less well off, and 1% in the north.
Preliminary unpublished results on women's BMIs conducted at the same time indicate that the obesity rates in women found in the present study are similar to those found in the National Survey which includes the small proportion of lighter unmarried women. These results therefore highlight the need for a careful analysis of the basis for obesity and its manifestation in Mexico. This is clearly a major public health problem which should stimulate a major reassessment of Government policies.
